The effects of the plant growth substances indoleacetic acid (IAA) and fusicoccin on the transmembrane potential of Avena coleoptile cells (at 27-29 C) were studied. Fusicoccin caused hyperpolarization of the membrane potential which started after a lag of less than 20 seconds, and which on average reached -49 my at an external K+ concentration of 1 mm and -75 my at 0.1 mm K+. IAA caused a hyperpolanzation of -25 my starting after a lag of 7 to 8 minutes. These results suggest that fusicoccin and IAA both activate electrogenic H+ extusion.
The growth-promoting compounds IAA and fusicoccin (FC)4 cause a variety of plant cells to excrete protons (2-4, 15, 19) .
The resulting lowered pH of the wall is believed to induce wall loosening and thus cell elongation (8, 12, 20) . These compounds also stimulate K+ uptake, although the effect of FC is much greater than that of IAA (5) .
In the absence of hormones 02c+ + 0h+ should be equal to 0°K+ + 0lt+ where 0D+ refers to the total K+ influx, both passive and active, and the other symbols are for K+ efflux and for the influx and efflux of H+. If auxin or FC stimulates 0K+ and 0l,+ equally, there will be no change in the membrane electropotential and the process can be described as an electroneutral K+/H+ exchange, but if 0°+ exceeds 0K+ there will be a hyperpolarization of the membrane potential and the proton excretion can be called electrogenic. With both FC and IAA, proton excretion from oat coleoptiles appears to occur at a more rapid rate than K+ uptake (5) . We would expect that both FC and IAA should cause a hyperpolarization of the membrane potential starting at the same time as the H+ excretion.
Some measurements of the effects of IAA and FC on PD exist, but the results have been inconclusive. Both hyperpolarization (9) and depolarization (14) of the PD in response to IAA have been found for Avena coleoptiles; in the latter case, the measurements were made hours after application of the hormones. FC causes rapid hyperpolarization in squash cotyledons (16) , barley roots (18) , and corn roots (7), but its effect on Avena coleoptiles has not been determined. ' In this study, we have examined the time course of IAA and FC-induced changes in the PD and have shown both compounds induce hyperpolarization which appears to be related to the proton excretion found earlier.
MATERIALS AND METHODS
The plant material consisted of 15-to 20-mm sections cut from 25-to 32-mm long coleoptiles of Avena sativa, cv. Victory. The plants were grown and the sections were harvested as described earlier (1), except that the manipulations and all experimental procedures were carried out under fluorescent illumination. After removal of the leaves, the sections were peeled (19) and before use were preincubated for a minimum of 1 hr and a maximum of 3 hr in a solution containing 1 mm MES-tris (pH 6), 0.1 mM CaC12, and 0.1 or 1 mm KCI.
Transmembrane potential differences were measured with pairs of 3 M KCl-filled glass microelectrodes and the electronic equipment described earlier (10) . Segments were mounted horizontally in the apparatus illustrated in Figure 1A of reference 17, and 2.5 to 3.5 ml of basic solution was added. In most cases, the measuring electrode was inserted through the external longitudinal wall of a cell from the first mesophyll layer, although in some cases, cells from the second mesophyll layer were used. When the PD had stabilized sufficiently, IAA or FC was added to bring the final concentration to 10 AM, a concentration which causes maximal H+ excretion (1, 4) . Throughout the experiment, the PD was continuously recorded. Membrane resistances were measured before and after addition of the hormones, using a single electrode technique. The PD measured here is that for the outside vacuole, but probably reflects the PD at the plasma membrane since the PD across the tonoplast is believed to be small (10) .
Three problems concerning these experiments need to be mentioned. First, the rapid growth of the sections, especially in response to FC, often caused sufficient bending of the electrode that it either broke, or leakage around the electrode and rapid depolarization took place. This could sometimes be counteracted by lateral displacement of the tissues or by inserting the electrodes deeper into the cell. A number of runs, however, were terminated prematurely and are not included in these results. Second, the experimental setup did not allow aeration of the solution or mixing following addition of the hormones, with the result that localized concentrations of hormones may have differed for short periods from the values given. Finally, the temperature in the room where the apparatus was housed and the solutions that were used was at 27 to 29 C, a temperature considerably above that used in H+ excretion and K+ uptake studies (22-23 C) (5, 6) .
RESULTS
In the absence of hormones, a PD that averaged -109 mv was found in the presence of solutions having 1 or 0.1 mm KCI. The effects, in individual cases, of IAA and FC on the PD of Avena coleoptile cells are illustrated in Figure 1 and the data are summarized in Table I Plant Physiol. Vol. 59, 1977 auxin causes a hyperpolarization of the PD starting after a lag of 7 to 8 min. This lag is less than that reported with Avena coleoptiles for auxin-induced growth (10-14 min) (6, 11) or H+ excretion (14 min) (6), but it must be remembered that these PD experiments were run at 27 to 29 C while the growth experiments were conducted at 25 C and the H+ efflux experiments at 22 to 23 C. Since the lag for auxin-induced growth is known to decrease with an increase in temperature (11) , one would expect the lag prior to the change in PD to be shorter than 10 min. In previous experiments with Avena coleoptiles, auxin-induced hyperpolarization after 2 hr (9) and depolarization of the PD after longer periods (14) have been found. The time course for FC-induced hyperpolarization of the PD recorded here for Avena coleoptiles resembles those published for squash cotyledons (16), barley roots (18) , and corn roots (7) . In each case, hyperpolarization began after a lag of less than 1 min, but considerable differences exist in the amount of hyperpolarization and the speed with which it was reached. For example, a hyperpolarization of about -50 mv was reached in squash cotyledons after 30 min (16) , while the same amount of hyperpolarization took only about 12 min in barley roots (18) and 5 to 8 min in Avena coleoptiles (Table I ). In both Avena coleoptiles and corn roots (7) , the rate of FC-induced hyperpolarization of the PD correlates well with the time course of hormone-induced H+ efflux and growth promotion (4), and in both of these tissues the amount of FC-induced hyperpolarization is reduced when the external K+ concentration is increased.
Both IAA and FC stimulate the uptake of K+ into Avena coleoptiles (5, 13 
